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Abstract
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1 Intr oduction

Monte Carlo simulationsof beam-inducednegy depositioneffectsin acceleratorand
beamlines is one of the main applicationsof the MARS code[l1, 2]. Otheraspectof
beamline and acceleratordesignare addressedvith other codesthat implementlattice
calculationsandefficiently track particlesthroughthe structure.The useof multiple codes
for thedesigncanleadto theproblemsof modelinconsistenciegerformancgenaltiesand
increasedime neededor developingthe models. The MAD-MARS BeamLine Builder,
MMBLB, is acodethatmitigatestheseproblemsby usinga beamline descriptioremployed
by acceleratodesigncodessuchasmMAD [3] to createa suitableinputto MARS. An earlier
versionof MMBLB wasdescribedn Ref. [4, 5]. It hasbeensuccessfullyusedin anumber
of applicationdor the FermilabBooster[6, 7], Tevatron,ProtonDriver[8, 9], NuMI beam
line[10, 11] andJapanes&-FARC [12] to studybeamlossdistributionsandradiationfields
andto designbeamcollimationsystems.

The purposeof this paperis to introducea significantlyimproved versionof MMBLB
andprovide a User’s Guideto that.

2 New Features

This revised versionof MMBLB incorporatessignificantnew featuresandenhancements.
Someof the changesredesignedo minimize potentialincompatibilitieswith lattice de-
scriptionscreatedwith MAD and other similar codes. Othersexpandthe capabilitiesof
MARS. Thesenew featuresare:

e Thesetof supportecelementtypeshasbeenextendedto encompasalmostall ele-
mentssupportedoy MAD (seeTablel in Section5 below).

An arbitrarynumberof beamlinescanbe putin amodel.

Thebeamlinescanbe3-D. In theolderversion,only planarbeamlineswereallowed.

The beginning of a beamline canbe placedin an arbitrary point of spacewith an
arbitraryorientation.

More sophisticate@lgorithmsandnew datastructuregnablemoreefficientsearches
throughthe beamline geometry

3 Overview of MMBL B Functionality

MMBLB is alibrary of specializedunctionsthatis includedin the standardvARs distri-
bution package.Thelibrary senesto procesghe geometryof beamline elementswithin
the MARS framewnvork. MMBLB is actvatedwhenthe 13th index in the MARS input file
MARS.INP is setto “T” (INDX 13=T) .



A MMBLB processhas phasesof initialization and calculation. During initializa-
tion, the MARS subroutineREGL calls the customizablesubroutineBLINIT , in which a
problemspecificuserwritten initialization codeis included. The initialization codenor-
mally reseresthe computermemoryfor the requestechumberof beamlines (subroutine
BEAMLINES IN _USB); readsthe positionsof elementdrom MAD OPTICS files (format of
the OPTICS files is describedn Section4) and putstheminto a MARS global framein
accordancavith the requestegosition and orientationof the first elementsof the beam
lines (BUILDBL); setsparametergor the referenceorbits (SETEBL); collectsthe namesof
sub-zonesn the beamlines (BLNAME andtheir materialindexes(BLMAT). The volumesof
sub-zonesirecollectedby the subroutineBLVOLwhich is invokedfrom VFAN The subrou-
tinesBLNAME BLMATandBLVOL look for the requestednformationin internaldatastruc-
turesof MMBLB by sendinginquiresto eachelementin the beamlines. Theinquiresare
processethenby designatedunctionsprovidedfor eachtype of beamelementgSections
6, 8.3). In orderto bind thesefunctionswith the elementsthey mustbe registeredfirst
by calling MARSEL_REGISTER The registrationmustbe provided by the userin the sub-
routineBLGEOINIT, which is calledby MMBLB at theinitialization stage.The subroutine
MARSEL REGISTERalsotakesotherfunctionsasarguments.The functionsinitialize data
structuresspecificfor a givenelementanddescribets geometryandfields.

The userhasan optionto print the beamline contentsinto a file with the subroutine
BLPRINT aftera successfuinitialization. Thefile helpsinterpretthe MARS output. Thefile
is self-explanatory Thefieldsin thefile arethe type of elementjts name,positionin the
beamline (s-coordinate))ength,andthe first andlastnon-standard/ARS zonesassigned
to theelement.

DuringthecalculationstageMMBLB findsthezonenumberandcorrespondingnaterial
index for a pointwith the givencoordinatesThe userinvokesthe subroutineBLGEOfrom
REGL1in orderto do that. The magneticfield at the point is calculatedby BLFIELD, the
subroutinecalled from FIELD . The usermustspecify the beamline index to be usedby
calling SET CURRENTBEAMLINE sincemmBLB canonly work with one beamline at a
time.

MMBLB providesa relatively simple methodto describebeamenclosuregSection?).
It canbe donein a variety of ways. The geometryof the enclosuress describedby the
userin the subroutineTUNNEL GEQ which is automaticallycalledby mmBLB. The sub-
routineis especiallyappropriatgfor enclosuresvith cross-sectionseemainingsamewithin
long stretchesandwhenthe enclosuredollow the beamlines. The materials;,namesand
volumesfor zonesof thebeamenclosuréhave to be properlyinitialized.

MMBLB offers a setof subroutineghat allows the userto transformthe coordinates
from theMARS frameto alocal oneof abeamline andvice versa.Therelatedsubroutines
are FLAT2GLOB GLOB2FLAT MAD2MARSMARS2MADBML2MARSand MARS2BMLThe sub-
routinesBML2ZMARS&NdMARS2BMlare customizableandshouldnormally useFLAT2GLOB
GLOB2FLAT MAD2MAR&nNdMARS2MADT his functionality is very usefulfor collectinghis-
togramsn alocal frameof a beamline insteadof the MARS globalframe.



4 Rulesfor Building BeamLines

An inputfor themmBLB systemisaMAD OPTICSfile [3]. An OPTICSfile is aplaintext file
thatdescribedongitudinal positionsof elementsalongthe beamline, elementorientation
andfield parameters An exampleof an OPTICS file is givenbelow. Thefirst line of the
exampledescribeshe notationsusedandis not a partof the OPTICSfile.

KEYWORD TYPE NAME  S(m) L(m) KOL K1L K2L K3L TILT
"LINE" o "NUMI* 0 0 0 0000
"MARKER" o "LBEG" 0 0 0 0000
"KICKER" "MILAM" "BLAM1" 3.048 3.048 0 0000
"DRIFT" "DRIFTNUMI* "WMAD" 3.3528 0.3048 O 0000
"QUADRUPOLE""MIQUAD" "HQ608" 6.4008 3.0480 O 0000
"DRIFT" "DRIFTNUMI" "DS2" 6.7056 0.3048 O 0000
"RBEND" "EPB" "MC5U1" 9.7536  3.0480 -0.76E-2 0 0 0 1.5708
"DRIFT" "DRIFTNUMI" "DS" 10.0584 0.3048 O 0000

An elements describedvith asingleline. Thefirst threefieldsarethemAD keyword,
type andnameof the element. Thosesene for unambiguousdentificationof an element
with a unique structure. The keyword can not be shortenedalthoughthis is a normal
practicein MAD. That meansthatthe keyword, eg. “KICK”, cannot be usedin lieu of
“KICKER". Therearetwo methodsto identify elements:1) usingthe exact matchof the
type andname,2) if this fails, thenonly the type is usedto find the element. The details
on how to usethesemethodsn practicearegivenbelow. Notethatif two similar elements
differ only by theirlengths,andhencethe volumesof zonesthey shouldbedeclaredunder
differenttypes. That may not apply to a situationwhenthe volumesof zonesare not of
interest.

The next two fieldsin the OPTICS file arethe s-positionof the endof the elementand
theelementengthL expressedn meters.Thelengthof straightelementsandmagnetsof
thetype“RBEND is treatedby MMBLB asthedistancebetweerthepointswhereareference
orbit entersandexits theelementsFor sectormagnetsdenotedvith thekeyword“ SBEND,
thelengthis thatof a partof areferenceorbit thatpertaingo theelement(seeFig. 1).

The next four parameter&OL, K1L, K2L andK3L arerelatedto the centralmagnetic
field. The meaningof them is the magnet“strength” in dipole, quadrupole,sextupole
andoctupolecomponent®f the B-field multiplied by the magnetlength. The analytical

expressiorfor thestrengthis this:
"B1 od"Be
Kn= "B, X" po’ @)

whereB, = po/eis themagnetigidity, eis thechage of accelerategarticleand pg is the
momentunfor a particleon the referenceorbit. This way, the parameteKOL becomeghe
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Figurel: Definitionfor theelementengthL for RBENDandSBENDdipoles.
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Figure2: Definition for themAD frame.

bendangleof adipole. In accordancevith theMAD rules,a positive bendanglerepresents
abendto theright, i.e. towardsnegative x-values(Fig. 2).

The lastparameters theroll angleof the elementaroundthe s-axis. A positive angle
formsa right-handscrev with the s-axis. Theroll anglemakesit possibleto definea 3-D
beamline with practicallyary orientationof its elements.Positionandorientationof the
elementsareentirelygovernedby therulesof MAD [3].

Thereareno restrictionson the numberof beamlinesin a MARS modelin this version
of MMBLB. Also, a beamline canbe placedin an arbitrary point of the MARS global
frame. The orientationof the first elementof the beamline canalsobe specifiedby the
user(subroutineBUILDBL).

5 What MMBLB Doesand Doesnot Support

The elementsspecifiedwith the keywords summarizedn Table 1, are supportedby the
MMBLB systemandtheir parameteraredefinedin anOPTICSfile. If, for whateverreason,
thelengthof anelements zero,but its lengthmustbe greateithanthatasgivenin Tablel,



Tablel: List of the MAD keywordssupportedoy MMBLB for elementsvhoseparameters
definedin OPTICSfile.

| Keyword | Specifictraits |
LINE no effecton beamline,L =0
MARKER no effectonbeamline,L =0
DRIFT drift spacel. >0
SBEND sectorbendingmagnetL > 0
RBEND rectangulabendingmagnetL > 0
QUADRUPOLE quadrupolel. >0
SEXTUPOLE sextupole,L > 0
OCTUPOLE octupoleL >0
MULTIPOLE generakhin multipole,L =0

HMONITOR | orbit positionmonitorin horizontalplane,L > 0
VMONITOR | orbit positionmonitorin verticalplane,L > O
MONITOR orbit positionmonitorin bothplanesL > 0
INSTRUMENT] spacefor beaminstrumentationl. > 0
YROT rotationaroundthey-axis,L =0
SROT rotationaroundthe s-axis,L =0

thenthis elements ignored.

Somekeywordsin Table1 desere a specialconsideration.The keywords”SROT and
“YROT introducean additionalrotationof a referenceorbit aroundthe s- andy-axes,re-
spectvely, anddo not describean actualelement. A multipole is normally usedin MAD
to take into accountvariousfield correctionsof higherorders. Suchcorrectionsmustbe
introducedby the MARS userin appropriatdield functions. For example,the bestproven
practiceis to usefield mapsfor the magnets.Thefield mapsarenormally producedoy the
POISSON or OPERA finite elementcodes[13, 14]. Thefield mapscontainall the possible
correctionssothatthe multipolesareignoredby MmMBLB. The only exceptionis a multi-
polewith thedipolecomponentSucha multipole hasthe sameeffect asa dipole of azero
lengthandthe deflectionangleof KOL.

The elementsrepresentedvith the keywords “SOLENOID, “HKICKER', “VKICKER',
“KICKER?, “RFCAVITY”, “ELSEPARATOR “ECOLLIMATOR and “RCOLLIMATOR are also
supportedoy MMBLB , but their parametersannot be providedin anOPTICSfile. Instead,
the parametersnustbe definedinternally in the code. The samerule applieshere:all the
elementswith zerolengthsareignored.Finally, the keywords“BEAMBEAM “MATRIX’ and
“LUMP arenotsupported.



6 How to Definean Element

Whereasan OPTICS file controlsthe longitudinalpositionof a beamline elementtheuser
mustprovide several subroutineghat describethe elementgeometryfield, materials vol-
umesandnameof its sub-zonesln orderto bind all thosesubroutinesvith arealelement
from theopticsfile they mustberegisteredby acall of MARSEL REGISTER whichtakesthe
namesof all thosesubroutinessargumentsandsare theminto theinternaldatastructures
of MMBLB. For instance,

call mars_el_register(

& 5, I ordinal  number which identifies the element
& nof_zones, ' number of element non-standard  zones

& name_func, I subroutine  that assigns type and name

& init_func, I initialization

& geo_func, I subroutine  that describes  geometry

& mat_func, I subroutine  that describes  materials

& field_func, I subroutine  that describes field

& vol_func, I subroutine  that calculates the zone volumes
& zonename_func ) ! subroutine  that associates name for each zone

In this examplethe namesof subroutinesare arbitrary Actual namesare chosenby the
userandfixedattheregistrationwith MARSEL REGISTER A naturalplacefor theelement
registrationis in the subroutineBLGEOINIT, which is calledat theinitialization stage.

Let usdescribethe abore subroutinesn details(seealsoSection8.3). The subroutine
name_func tellsMmmBLB how to identify the elementamongall the others.The subroutine
takesthe type and nameof the elementas agumentsand assignscharacterconstantgo
them. As mentionedabove, therearetwo waysto identify anelement.Thefirst way is to
find the exactmatchfor the type andnameof the elementin the OPTICS file. If this fails,
thenonly thetypeis usedfor thesearch.f therearemary elementsn the beamline with
the samegeometrythenthe secondwvay is preferable In this caseanelementhameshould
be usedthatfor surewill notbefoundin theOPTICSfile. A blankspacecanbeused.

The subroutineinit _func canbe usedfor somecalculationsneededor an element
initialization. For example,one canreadin a field map from a file and save it into a
programbuffer. The subroutinds left dummyif no suchcalculationsareneeded.

Thegeo_func subroutinds meantfor geometrydescription.The geometryis defined
in alocal frame of the elementwith the y-axis pointedupwardsandthe z-axis alongthe
beam.Thez-axisis astraightline connectingwo pointswhereareferenceorbit entersand
exits theelement.Thereferencerbit entergheelementat (0, 0, 0) in thelocal coordinates.
Thesubroutineeturnsalocal zonenumberthatcorrespondso apointwith thecoordinates
givenin thelocal frame. Thelocal zonesarenumberedrom the unity. MMBLB translates
thelocalzonenumberto aMARS non-standar@aonenumber The subroutinealsoreturnsa
flag thatis normally usedfor a beamenclosuredescription(seeSection?).

MMBLB imposessomerestrictionson whereelementscanbe defined. The front and
rearsurfacesof the elementsn MAD canhave anarbitraryorientationwith respecto the
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Figure3: Areasof definitionfor RBENDandSBENDdipolesin MMBLB. Theareasvherethe
dipolescanbedefinedin MMBLB arerestrictedwith the dashedines.

referenceorbit. The “areaof definition” in MMBLB is usually limited to the two planes
normalto the referenceorbit at points whereit entersand exits the element. The only
exceptionis dipolesof the type “RBEND. The areaallowed for a rectangulardipole is
formedwith two parallelplanesasshavnin Fig. 3.

The subroutingfield func takesthe coordinatef a pointin the local frame of the
elementand calculateghe field in this point. The subroutinesnat_func , vol _func and
zonename _func returnthematerialindex, volumeandzonenamefor azonewith thelocal
index takenasanargument.

7 BeamEnclosure Description

In mary casesdesignof beamlinesalsoincludesdesignof radiationshielding. Shielding
requirementsare often driven by beam-induceeffects suchasresidualdoseon magnets
andtunnelwalls, groundwateractivationandpromptdosein occupiedareas.Thereforea
completemodelshouldincludethetunnelwalls followedby shielding.

The subroutineTUNNEL GEOdescribesa beamenclosuren the local frameof a given
element. The subroutineis especiallyappropriaten casewherethe beamenclosurefol-
lows the referenceorbit so thatits geometrycanbe definedin a simpleunifiedway. The
subroutinecanonly beusedfor planar2-D beamlines,i.e. beamlineswith nodipoleswith
non-zeroroll angle. Skewed straightelementsareacceptableincethey do not changethe
referenceorbit (Fig. 4). An interpretatiorof atunnelgeometryin the caseof dipoleswith
non-zeroroll anglesis not obvious, so that sucha situationis not handledin the current
version. An attemptto usethe subroutinein this casewould leadto a mispresentatioiof
thetunnelgeometryasshavnin Fig. 5.

Thesubroutinedetermines non-standardonenumbetrfor apointin thelocal frameof
anelement.lt is automaticallycalledby MmmBLB everytime whenthe pointis foundto be



in a slice of the beamenclosureassociatedvith the givenelementbut notin the element
itself. The givenconditionis emegedby a subroutinethat processeshe geometryof the
element.The subroutineTUNNEL GEQis calledwhenthe point (x,y,z) is notin the element
(nz=0)but in apropertunnelslice (If=1). In asimplecasethe codecanlook asfollows:

subroutine  elem_geo_func(length,
X,
Y
Z,
nz,
If,
angle,
prevAngle,
nextAngle)
implicit none

R0 R0 RO RO RO RO RO Ro

C.. INPUT parameters:
C length - length  of element
C X, Yy, z - coordinates in the local frame
C angle - deflection angle of the element
C prevAngle - deflection angle of the previous element
C nextAngle - deflection angle of the next element
C.. OUTPUT parameters:
C nz - local zone number, will be transformed to
C non-standard ~ zone number by the BLB
C If - shows that the point (x\y,z) is in the
C tunnel slice associated  with the element.
C 1-yes, 0-no.

integer nz, If

double precision  length, X, vy, z

double precision  angle, prevAngle, nextAngle

nz =0

lf =0

if (z .ge. 0.0d0 .and. z .t length) then

if =1

end if

C... the following  code determines the zone number
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Figure4: Beamenclosurearounda skewed Figure5: Beamenclosurearounda dipole
guadrupolei.e. roll anglerv4. with non-zeroroll angle.

A simpledescriptionof the tunnelslice, asshavn in the exampleabove, canleadto
geometrymispresentations.Therewill be unrealisticwedgesin the tunnelin a caseof
“RBEND magnetgFig. 6). In orderto correctfor this mispresentatiothe logical function
INTUNNELSLICE is provided (Fig. 7). The function definesthe tunnel slice taking into
accounthe deflectionangleof the elementaswell asthe onesfor the neighbourgFig. 8).
Thefunctioncanbeusedfor arny elemenin thebeamline but for sectormagnetsThecode
in the exampleabove shouldbe changedasshovn below for thefunctionto beused.

C.. old code

C if (z .ge. 0.0d0 .and. =z .t. length) then
C f =1

C end if

if(  inTunnelSlice(length,

& X,

& Y,

& z,

& angle,

& prevAngle,

& nextAngle))  then
f =1

end if

Theexplanationfor the functionagumentscanbefoundin Section8.
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Figure6: A simpledescriptionof thebeam Figure 7: The use of INTUNNEL-
enclosurethat leadsto a geometrymispre- SLICE correctsthe geometrymispresenta-
sentation. tion shavnin Fig. 6.

RBEND

>

reference orbit /
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Figure8: A tunnelslicefor aRBEND typemagnetisdefinedby thefunctionINTUNNEL-
SLICE. Thetunnelsliceis anarealimited by thedashedines.
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From a practicalstandpointjt is oftenusefulto have longitudinalzonesubdvision of
beamenclosuresThesubroutineTUNNEL GEO providesanumberof waysin which that
canbedone.In arealmodelall thesewayscanbeusedin onecode.Therearethreeexam-
plesgivenbelow.

Example 1. Uniform division along the s-axis.

This type of divisionis donewith the TUNNEL GEO agumentsZLOCMARNdELBEGINS
(seeSection8). An offsetfrom the beginning of a beamline is determinedasZLOCMAD+
ELBEGINS In the examplebelon, a sampleof the TUNNEL_GEO subroutines provided
thatdemonstratea division of concretetunnelwall anda layer of soil into zoneswith a
uniformlengthof 150cm. Theresultof divisionis shovn in Fig. 9.

SUBROUTINETUNNEL_GEO(XLOCMADYLOCMAD, ZLOCMAD,
& XGLMAD, YGLMAD, ZGLMAD, NZ, BLINDX, ELINDX,
& ELBEGINS, ELLENGTH, BENDANGLE,BENDPREV, BENDNEXT)

IMPLICIT NONE

DOUBLEPRECISION XLOCMAD, YLOCMAD, ZLOCMAD,

& XGLMAD, YGLMAD, ZGLMAD,
& ELBEGINS, ELLENGTH,
& BENDANGLE, BENDPREV, BENDNEXT

INTEGER NZ, BLINDX, ELINDX

DOUBLEPRECISION R, S

INTEGER SLICE, ADD, ZONE

R = SQRT(XLOCMAD**2 + YLOCMAD**2)

S = ZLOCMAD+ ELBEGINS

SLICE = S/ 150.0D0

NZ=20

IF (R .LT. 100.0D0) THEN I AR

ADD = 1
NZ = 1001
RETURN
ELSE IF (R .LT. 150.0D0) THEN! CONCRETEWALL
ADD = 2
ELSE IF (R .LT. 200.0D0) THEN! LAYER OF SOIL
ADD = 3
ELSE I SOIL
NZ = 1004
RETURN

END IF

ZONE= 1000 + SLICE*10 + ADD

NZ = ZONE

RETURN

END
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Example 2: Division according to the element index in a beam line.

Thistypeof divisionis basedntheindex ELINDX of anelementn agivenbeamline. The
index is countedrom theunity. In theexamplebelow, only onezoneis assignedo thewall
andthelayerof soil for eachtunnelslice. Theresultof this divisionis shavn in Fig. 10.

SUBROUTINETUNNEL_GEO(XLOCMADYLOCMAD, ZLOCMAD,
& XGLMAD, YGLMAD, ZGLMAD, NZ, BLINDX, ELINDX,
& ELBEGINS, ELLENGTH, BENDANGLE, BENDPREV, BENDNEXT)
IMPLICIT NONE
DOUBLEPRECISION XLOCMAD, YLOCMAD, ZLOCMAD,
& XGLMAD, YGLMAD, ZGLMAD, ELBEGINS, ELLENGTH,
& BENDANGLE, BENDPREYV, BENDNEXT
INTEGER NZ, BLINDX, ELINDX
DOUBLEPRECISION R, S
INTEGER ADD, ZONE
R = SQRT(XLOCMAD*2 + YLOCMAD**?2)
NZ = 0
IF (R .LT. 100.0D0) THEN I AR
ADD = 1
NZ = 1001
RETURN
ELSE IF (R .LT. 150.0D0) THEN! CONCRETEWALL
ADD = 2
ELSE IF (R .LT. 200.0D0) THEN! LAYER OF SOIL
ADD = 3
ELSE | SOIL
NZ = 1004
RETURN
END IF
ZONE= 1000 + (ELINDX-1)*10 + ADD
NZ = ZONE
RETURN
END

Example 3: Division using global coordinates.

Somepartsof a beamenclosurecanhave a complex geometrythat cannot be described
in a simple unified way. In this casethe agumentsXGLMADYGLMADand ZGLMADof the
subroutineTUNNEL GEO prove to be useful. Theseargumentsare coordinatesn the
globalMAD frame. Sucha geometrycould, of cause pe describedsomeavhereelsein the
MARS subroutinesput it makes senseto keepthe tunnel descriptionin one subroutine.
Fig. 11 shovs a model of the Tevatron C@ interactionregion of the BTeV experiment
at Fermilab The rightmostpart of the enclosures describedwith the useof the global
coordinates.
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Figure 9: Beam enclosuredivision into Figure 10: Beam enclosuredivision with
zoneswith auniform lengthof 150cm. only one zone correspondingto a tunnel
slice.
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Figurell: TevatronCd interactionregion.

14



8 Summary of MMBLB Functions

Thefunctionsthatcomewith themmBLB librariesaredescribedn this section.Parameters
thatchangeheirvaluesin thefunctionsdescribedelonv aremarkedwith astarimprint. In
the casewhena parametepf the functionis anarrayof a predefinedsize,the sizeis given
in the parentheseafterthe parametetype.

8.1 “Hook” Functions

The standardvARS distribution packageprovidesa setof “hook” functions. The source
codeof the functionsis availableto usersandcanbe modifiedto describebeamlinesand
tunnelparts.

8.1.1 “Hook” Functions Called at Initialization

SUBROUTINE BLGEOINIT (BEAMID)

Action:
Registerbeamelements.

Input parameter:
BEAMID - INTEGER,beamline index.

This is the partwherethe BeamLine Builder becomeswareof the functionsthatarere-
sponsiblefor elementdescription.

SUBROUTINE BLINIT (MMAX, IMUN¥)

Action:

Createandreadin beamlines,assigningpropermaterialsandnamego zonesof the beam
linesandassociatedunnel.

Input parameter:

MMAX - INTEGER,numberof non-standard@ones.
Output parameter:
IMUN - INTEGER(MMAX+1), array of material indexes for non-
standardzones.
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8.1.2 “Hook” Functions Called at Calculation

SUBROUTINE BML2MARS (BMLVEC, BMLDIR, MARSVEC*, MARSDIR?*)

Action:

Corvert coordinatesanddirectionof a particletrackfrom a beamline frameto the MARS
frame.

Input parameters:

BMLVEC - DOUBLE PRECISION(3), coordinatesin the beam line
frame.

BMLDIR - DOUBLE PRECISION(3),directionvectorin the beamline
frame.

Output parameters:

MARSVEC - DOUBLE PRECISION(3)coordinatesn theMARS frame.

MARSDIR - DOUBLE PRECISION(3), direction vector in the MARS
frame.

The function canbe usedinsteadof FLAT2GLOBwhene&er more sophisticateadoordinate
transformationsrerequired.lt may call the functionsFLAT2GLOBandMAD2MARS

SUBROUTINE MARS2BML (MARSVEC, MARSDIR ,BMLVEC*, BMLDIR¥)

Action:

Corvert coordinatesanddirectionof a particletrackfrom the MARs frameto a beamline
frame.

Input parameters:

MARSVEC - DOUBLE PRECISION(3)coordinatesn the MARS frame.

MARSDIR - DOUBLE PRECISION(3), direction vector in the MARS
frame.

Output parameters:

BMLVEC - DOUBLE PRECISION(3), coordinatesin the beam line
frame.

BMLDIR - DOUBLE PRECISION(3),directionvectorin the beamline
frame.

The function canbe usedinsteadof GLOB2FLATwhen&er more sophisticatedoordinate
transformationgrerequired.lt may call the functionsGLOB2FLATandMARS2MAD

SUBROUTINE TUNNEL_GEO (XLOCMAD, YLOCMAD, ZLOCMAD,
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XGLMAD, YGLMAD, ZGLMAD,

NZ*, BLINDX, ELINDX,
ELBEGINS,ELLENGTH,

BENDANGLE, BENDPREVY BENDNEXT)

Action:

Definethegeometryof atunnelassociateavith abeamline.

Input parameters:
XLOCMAD, YLOCMAD,
ZLOCMAD
XGLMAD,YGLMAD,
ZGLMAD
BLINDX
ELINDX

ELBEGINS
ELLENGTH
BENDANGLE
BENDPREV

BENDNEXT

Output parameter:
NZ

- DOUBLE PRECISION,coordinatesn the local frameof an
element.Normally, the elementstartsat ZLOCMAD=0.

- DOUBLE PRECISION,samecoordinatesn the globalMAD
frame.

- INTEGER,index of abeamline, countedfrom the unity.

- INTEGER, index of an elementin the given beam line,
countedfrom the unity.

- DOUBLE PRECISION s-positionof the beginning of the el-
ement.

- DOUBLE PRECISION |engthof theelement.

- DOUBLE PRECISION bendingangleof the element.

- DOUBLE PRECISION,bendingangleof the precedingele-
ment.

- DOUBLE PRECISION,bendingangleof the following ele-
ment.

- INTEGER,zonenumber

Thesubroutinds calledfrom BLGEO If notunneldescriptions neededhanthesubroutine

is left dummy

8.2 Other mmMmBLB Functions

Unlike the“hook” functions,the onesdescribedn this subsectiorcomewith the MMBLB
library with the sourcecodenot availableto theuser

8.2.1 Other mmBLB Functions Called at Initialization

SUBROUTINE BEAMLINES IN_USE(NLINES)

Action:

Resere memoryfor NLINES beamlines.
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Input parameter:
NLINES - INTEGER,numberof beamlines.

The subroutinemustbe calledduring theinitialization beforebeamlines arereadin from
OPTICSfiles.

SUBROUTINE BLBUILD (OFNAME, X0, YO, Z0, THETA, PHI, PSI,IZONE)

Action:
Build abeamline out of anOPTICSfile.

Input parameters:

OFNAME - CHARACTER*(*), OPTICSfile name.

X0, YO0, Z0 - DOUBLE PRECISION,coordinatesof the beginning of the
beamline.

THETA - DOUBLE PRECISION,anglebetweenthe z-axis anda pro-
jectionof thebeamline on horizontalplane.

PHI - DOUBLE PRECISION,elevation angle,i.e. an angle be-
tweenthe beamline direction and its projectionon the hori-
zontalplane.

PSI - DOUBLE PRECISIONYoll anglearoundthebeamline direc-
tion.

IZONE - first non-standardoneto be assignedo the beamline.

TheparameterX0, YO, Z0, THETA, PHI, PSirepresentheinitial positionandorientation
of thebeamline.

SUBROUTINE BLMAT(IMUN?)

Action:
Fill appropriateelementsf theintegerarrayINUM with the materialindicesof the MARS
non-standar@aonesassignedo the currentbeamline.

Output parameter:
IMUN - INTEGER, array of the materialindexesof the non-standard
zones.

Thefirst elementof INUM mustcorrespondo thefirst non-standard@one.
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SUBROUTINE BLNAME (NAMES?)

Action:
Fill appropriateelementf the arrayNAMES with the namesof the non-standara@ones
assignedo the currentbeamline.

Output parameter:
NAMES - CHARACTER?*8, array of zone namesof the non-standard

Zones.

Thefirst elementof NAMES mustcorrespondo thefirst non-standardone.

SUBROUTINE BLSETE (BKINE, BMASS, CIRCUM)

Action:
Setparameter$or areferenceorbit in the currentbeamline.

Input parameters:

BKINE - DOUBLE PRECISION kinetic enegy of a particleon a ref-
erenceorbit.

BMASS - DOUBLE PRECISION massof the particle.

CIRCUM - DOUBLE PRECISION approximatdengthof theaccelerator

The parameteCIRCUM is purelyinformative. It is not usedin ary calculations.The pa-
rameter8KINE andBMASS areusedto normalizethe B-field in the beamline elements.

SUBROUTINE BLVOL (VOLUMES?)

Action:
Fill appropriateelementsof the array VOLUMES with the volumesof the non-standard
zonesassignedo the currentbeamline.

Output parameter:
VOLUMES - DOUBLE PRECISION arrayof volumesof the non-standard

Zones.

Thefirst elementof VOLUMES mustcorrespondo thefirst non-standara@one.

SUBROUTINE MARS EL_ REGISTER(ELID, NZONES,NAMEFUNC, INITFUNC,
GEOFUNC,MATFUNC, FIELDFUNC, VOLFUNC,ZONENAMEFUNC)
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Action:
Reagisteranelemenin abeamline.

Input parameters:

ELID - INTEGER,uniqueelementD.

NZONES - INTEGER, numberof zonesto be resenedfor the givenele-
ment.

NAMEFUNC - nameof subroutinghatdefinesthe type andnameof the ele-
ment.

INITFUNC - nameof initialization subroutine.

GEOFUNC - nameof subroutinghatdescribeshegeometryof theelement.

MATFUNC - nameof subroutinethat describeghe materialsusedin the
element.

FIELDFUNC - nameof subroutinghatdescribeghe B-field.

VOLFUNC - nameof subroutinghatdescribeshevolumesof zones.

ZONENAMEFUNC - nameof subroutinghatdescribeshe namesof zones.

8.2.2 Other mMmBLB Functions Called at Calculation Stage

SUBROUTINE BLFIELD(X, Y, Z, BX*, BY*, BZ*, ABSB*)

Action:

If thepoint(X,Y,Z) isin anon-standardoneof thecurrentbeamline, calculatethe B-field
in this point.

Input parameters:

X,Y,Z - DOUBLE PRECISION coordinatesn the motherframe.
Output parameters:

BX, BY, BZ - DOUBLE PRECISION B-field in themotherframe.

ABSB - DOUBLE PRECISION magnitudeof the B-field.

SUBROUTINE BLGEO(X, Y, Z, NZ*)

Action:

Find a non-standar@onenumbercorrespondingo the point (X,Y,Z). The searchis only
performedfor the currentbeamline.

Input parameters:
X,Y,Z - DOUBLE PRECISION coordinatesn the motherframe.
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Output parameter:
NZ - INTEGER, non-standar@onenumberor 0 if the point does
not pertainto the currentbeamline.

SUBROUTINE BLPRINT (FILENAME)

Action:

Print information abouteachelementin the currentbeamline into a file with the name
FILENAME. Thefile is self-explanatory It containsthe elementtype, name,s-position,
length,first andlastMARS non-standar@oneassignedo the element.

Input parameter:
FILENAME - CHARACTER*(*), nameof thefile.

SUBROUTINE BLZONES (ZONES*)

Action:
Retrieve the numberof non-standardonesreseredfor the currentbeamline.

Output parameter:
ZONES - INTEGER,numberof zones.

SUBROUTINE FLAT2GLOB (POS*,DIR*)

Action:
CorvertthepositionPOSanddirectionDIR of aparticlefrom aframeof beamline (X,Y,S)
to the MARS globalframe(X,Y,2).

Output parameters:
POS - DOUBLE PRECISION(3) positionin thebeamline frame.
DIR - DOUBLE PRECISION(3)directionin thebeamline frame.

If the s-coordinateexceedshe lengthof the beamline, the corversionis performedwith
thetransformatiormatrix of thelastelement.Similarly, if sis smallerthanthes-coordinate
wherethe beamline beginsthenthetransformatiomrmatrix of thefirst elements used.

SUBROUTINE GLOB2FLAT (POS*,DIR*)

Action:
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Corvert the position POSand direction DIR of a particle from the MARS global frame
(X,Y,Z) to aframeof thebeamline (X,Y,S).

Output parameters:
POS - DOUBLE PRECISION(3) positionin theglobalframe.
DIR - DOUBLE PRECISION(3)directionin theglobalframe.

LOGICAL FUNCTIONINTUNNELSLICE(LENGTH, LOCX, LOCY, LOCZ,
BENDANGLE, PREVBENDANGLE, NEXTBENDANGLE)

Action:
Determinewhetheror not the point (LOCX, LOCY, LOCZ) in a tunnelslice associated
with agivenelement.Thefunctionreturns. TRUE. if theanswelis positive.

Input parameters:

LENGTH - DOUBLE PRECISION Jengthof theelement.

LOCX, LOCY, LOCZz - DOUBLE PRECISION,coordinatesn thelocal frameof the
element.

BENDANGLE - DOUBLE PRECISION bendangleof the element.

PREVBENDANGLE - DOUBLE PRECISION bendangleof the previouselement.

NEXTBENDANGLE - DOUBLE PRECISION bendangleof the next element.

Thefunctionmustnot be usedfor sectormagnets.

SUBROUTINE MAD2MARS (XMAD,YMAD,ZMAD,XMARS* YMARS*,ZMARS*)

Action:
Corvertcoordinatesrom thetraditionalMAD frameto the MARS frame.

Input parameters:
XMAD, YMAD, ZMAD - DOUBLE PRECISION,coordinatesn the MAD frameto be
corverted.

Output parameters:
XMARS,YMARS,ZMARS - DOUBLE PRECISION,resulting coordinatesn the MARS
frame.

SUBROUTINE MARS2MAD (XMARS,YMARS,ZMARS,XMAD*,YMAD*,ZMAD*)

Action:
Corvertcoordinatesrom thetraditionalMARS frameto the MAD frame.
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Input parameters:
XMARS,YMARS,ZMARS - DOUBLE PRECISION coordinatesn the MARS frameto be

converted.
Output parameters:
XMAD, YMAD, ZMAD - DOUBLE PRECISION, resulting coordinatesin the MAD
frame.

SUBROUTINE SET.CURRENTBEAMLINE (LINEID)

Action:
Setindex of abeamline to work with.

Input parameter:
LINEID - INTEGER,index of the beamline. Countedrom the unity.

8.3 Functionsfor Element Definition

The functionsdescribedbelov may have arbitrarynames.The actualnamesare given at
thetime of elementegistrationby invokingthefunctionMARS EL REGISTER.Thefunc-
tionsappeain thesameorderasin theagumentlist of MARS EL REGISTER.

SUBROUTINE NAMEFUNC(TYPE*, NAME*)

Action:
Definethe type and nameof the element. The type andnameare usedto searchfor the
elemenin theMMBLB internaldatastructures.

Output parameters:
TYPE - CHARACTER*80,type of theelement.
NAME - CHARACTER*80,nameof theelement.

SUBROUTINE INITFUNC( TYPE,NAME, LENGTH, POS,FIELDS)

Action:

The subroutines a naturalplaceto performtheinitialization. For examplefill datastruc-
turesfor thegeometryfieldsandsoon.

Input parameters:
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TYPE - CHARACTER*80,type of theelement.

NAME - CHARACTER*80,nameof theelement.

LENGTH - DOUBLE PRECISION lengthof theelement.

POS - DOUBLE PRECISION s-positionof the beginning of the el-
ement.

FIELDS - DOUBLE PRECISION(4)dipole,quadrupolesextupoleand

octupolefield components.

SUBROUTINE GEOFUNC(LENGTH, X, Y, Z, NZ*, LF*,
ANGLE, PREVANGLE, NEXTANGLE)

Action:

DeterminealocalzonenumberNZ correspondingo thepoint (X, Y, Z). NZ mustbesetto
zeroif thepoint (X, Y, Z) doesnot pertainto the element.Theflag LF is setto the unity if
thepoint(X, Y, Z) is in atunnelslice of thegivenelement.LF is setto zerootherwise.

Input parameters:

LENGTH - DOUBLE PRECISION lengthof theelement.

X, Y, Z - DOUBLE PRECISION,coordinatesn thelocal frameof the
element.

ANGLE - DOUBLE PRECISION deflectionangleof the element.

PRE\ANGLE - DOUBLE PRECISION,deflectionangleof the previous ele-
ment,0 if thegivenelements thefirst onein abeamline.

NEXTANGLE - DOUBLE PRECISION,deflectionangleof the next element,

0 if thegivenelements thelastonein abeamiline.

Output parameters:
NZ - INTEGER,local zonenumber(countedfrom the unity).
LF - INTEGER, flag that shons whetheror not the point (X, Y, Z)
is in atunnelslice of thegivenelement.

MMBLB launcheghesubroutineETUNNEL GEOin the caseof aspecialsituationwhenNZ
is zeroandLF is theunity.

SUBROUTINE MATFUNC (NZ, IM*)

Action:
Returnanindex of themateriallM correspondingo thelocal zoneNZ.

Input parameter:
NZ - INTEGER, local zonenumber(countedirom the unity).
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Output parameter:
M - INTEGER,index of the materialthatcorrespondso thelocal
zoneNZ.

SUBROUTINE FIELDFUNC(LENGTH, FIELDS, X, Y, Z, BX*, BY*, BZ*, ABSB*,
ANGLE)

Action:
Calculatethe B-field in the point (X, Y, Z).

Input parameters:

LENGTH - DOUBLE PRECISION lengthof theelement.

FIELDS - DOUBLE PRECISION(4)dipole,quadrupolesextupoleand
octupolefield components.

X, Y, Z - DOUBLE PRECISION,coordinatesn thelocal frameof the
element.

ANGLE - DOUBLE PRECISION deflectionangleof the element.

Output parameters:
BX, BY, BZ - DOUBLE PRECISION/(X,Y,Z)-componentsf the B-field.
ABSB - DOUBLE PRECISION absolutemagnitudeof the B-field.

SUBROUTINE VOLFUNC(NZ, LENGTH, VOLUME*, ANGLE)

Action:
Returnavolumeof thelocalzoneNZ.

Input parameters:

NZ - INTEGER,local zonenumber(countedfrom the unity).

LENGTH - DOUBLE PRECISION lengthof theelement.

ANGLE - DOUBLE PRECISION deflectionangleof the element.
Output parameter:

VOLUME - DOUBLE PRECISION volumeof thelocal zoneNZ.

SUBROUTINE ZONENAMEFUNC(NZ, ZNAMEY*)

Action:
Returna namecorrespondindo thelocalzoneNZ.

Input parameter:
NZ - INTEGER, local zonenumber(countedirom the unity).
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Output parameter:
ZNAME - CHARACTER*8, zonenamecorrespondindo thelocal zone
NZ.
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